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(54) Tuner IC and receiving apparatus employing the same 



(57) A reception IC comprising a received-sign al- 
selecting circuit (15) for selecting one of a plurality of 
received signals with reception bands different from 
each other, a frequency dividing circuit (42,43) for divid- 
ing the frequency of an oscillation signal (S41 ) supplied 
thereto and outputting a plurality of divided-frequency 
signals (SHA,SHB,SLA,SLB) having frequencies differ- 
ent from each other, a divided-frequency-signal-select- 
ing circuit (44A»44B) for selecting one of the divided-fre- 
quency signals output by the frequency dividing circuit 
(42,43) as a local-oscillation signal, and a mixer circuit 
(31 A.31 B) for being input the local-oscillation signal out- 



put by the divided-frequency-signal-selecting circuit 
(44A.44B) and the received signal selected by the rer 
ceived-signal-selecting circuit (15), converting the fre- 
quency of the received signal and outputting the re- 
ceived signal with the converted frequency as an Inter- 
mediate-frequency signal (SIFA,SIFB), wherein the re- 
ceived-signal-selecting circuit (1 5) selects one of the re- 
ceived signals for a selected reception band, the divid- 
ed-frequency-stgna)-se)ecting circuit (44A.44B) selects 
one of the divided-frequency signals for the selected re- 
ception band, and by changing thefrequency of the local 
oscillation signal for each selected reception band, the 
frequency of the received signal is changed. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a reception IC 
and a receiving apparatus employing the reception IC. 
[0002] As a digital audio broadcasting standard, DAB 
specifications are adopted In Europe whereas ISDB-T 
specifications are embraced in Japan. The DAB speci- 
fications are a digital audio broadcasting standard con- 
forming to Eureka 1 47 specifications. 
[0003] The ISDB-T specifications are listed as fol- 
lows: 

Transmission band width: 432 kHz (for a narrow- 
band ISDB-T standard) 
Modulation method: OFDM 
Multiplexing method: MPEG2 

[0004] In accordance with the above specifications, 
digital data including audio digital data of a plurality of 
channels is broadcasted at the same time, fn the case 
of the narrow-band ISDB-T standard, the use of the con- 
temporary VHF television broadcasting band in the dig- 
ital broadcasting is planned. 

[0005] On the other hand, an analog receiver capable 
of receiving an audio signal of the VHF television broad- 
casting band in addition to signals of the AM and FM 
broadcasting is also put in the market. Moreover, the re- 
ception circuit of the analog receiver is implemented by 
an IC. Thus, for the ISDB-T standard, it is possible to 
realize an IC receiver. 

[0006] However, the bands of the VHF television 
broadcasting are given as follows: 

Low band (1 to 3 channels): 90 MHz to 1 08 MHz 
High band (4 to 12 channels): 170 MHz to 222 MHz 

[0007] Thus, for an Intermediate frequency of 10.7 
MHz, the ranges of the local oscillation frequency are 
given as follows: 

Low band: 100.7 MHz to 118.7 MHz 
High band: 180.7 MHz to 232.7 MHz 

[0008] Therefore, a local oscillation circuit employed 
in a receiver for receiving an audio signal of the VHF 
television broadcasting must be capable of varying the 
local oscillation frequency over a considerably wide 
range. 

[0009] In order to satisfy the above requirement, the 
local oscillation frequency is switched from a value for 
reception of a low-band broadcast to a value for recep- 
tion of a high-band broadcast and vice versa. 
[001 0] The following techniques are conceivable as a 
method for switching the local oscillation frequency: 

1 : A technique to switch a coil and a variable-ca- 



pacitance diode, which are used for oscillation in a 
local oscillation circuit, from components for recep- 
tion of a low-band broadcast to those for reception 
of a high-band broadcast and vice versa. 
5 2: A technique to change a local oscillation circuit 
for reception of a low-band broadcast to a local os- 
cillation circuit for reception of a high-band broad- 
cast and vice versa. 

io [0011] In the case of either technique, nevertheless, 
the variable-capacitance diodes, the coils and a switch 
device are required, inevitably increasing the number of 
external components attached to the I C. A large number 
of such external components entails an increase in re- 

* 5 ceiver cost and serves as a disturbance to reduction of 
the size of the receiver. 

[0012] In addition, in the case of the first technique 
described above, the switch device is connected to the 
oscillation circuit, unavoidably lowering the Q value of 

20 the oscillation circuit. As a result, the oscillation circuit 
exhibits poor characteristics as evidenced by, among 
others, the fact that it becomes difficult to make the os- 
cillation circuit to oscillate, the number of phase noises 
increases, the number of pulling phenomena increases 

25 and the magnitude of a consumed current rises. 

[0013] The same problem is also inevitably raised In 
a reception IC for digital audio broadcasting that makes 
use of a VHF television broadcasting band. 
[001 4] Particular and preferred aspects of the present 

30 invention are set out in the accompanying independent 
and dependent claims. Features of the dependent 
claims may be combined with features of the independ- 
ent claims as appropriate, and In combinations other 
than those explicitly set out in the claims. 

ss £0015] According to one aspect of the present inven- 
tion, there is provided a reception IC including a re- 
ceived-signal-selecting circuit for selecting one of a plu- 
rality of received signals with reception bands different 
from each other, a frequency dividing circuit for dividing 

40 the frequency of an oscillation signal supplied thereto 
and outputting a plurality of divided-frequency signals 
having frequencies different from each other, a divided- 
frequency-signal-selecting circuit for selecting one of 
the divided-frequency signals output by the frequency 

45 dividing circuit as a local-osciilation signal, and a mixer 
circuit for being inputted the local-oscillation signal out- 
put by the divided-frequency-signal-selecting ci rcuit and 
the received signal selected by the received-signal-se- 
lecting circuit, converting the frequency of the received 

so signal and outputting the received signal with the con- 
verted frequency as an intermediate-frequency signal, 
wherein the received-signal-selecting circuit selects one 
of the received signals for a selected reception band, 
the divided-frequency-signal-selecting circuit selects 

55 one of the divided-frequency signals for the selected re- 
ception band, and by changing the frequency of the local 
oscillation signal for each selected reception band, the 
frequency of the received signal is changed. 
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[0016] Thus, the reception frequency of a received 
signal can be changed without switching an oscillation 
circuit from a variable-capacity diode and a coil to others 
to change the oscillation frequency for the reception 
band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00171 The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1 1s a system diagram showing an embodiment 
of the present invention; 

Fig. 2 is a connection diagram showing a portion of 
the embodiment of the present invention; 
Fig. 3 Is a connection diagram showing the contin- 
uation of Fig. 2; 

Fig. 4 is a system diagram showing another embod- 
iment of the present invention; 
Rg. 5 is a connection diagram showing a portion of 
the other embodiment of the present invention; 
Fig. 6 is a connection diagram showing the contin- 
uation of Fig. 5; 

Rg. 7 is a system diagram showing a further em- 
bodiment of the present invention; and 
Fig. 8 is a system diagram showing a still further 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Receiver —Part I 

[0018] Fig. 1 is a diagram showing a typical receiver 
adopting the super-heterodyne system to conform to the 
narrow-band ISDB-T standard as provided by an em- 
bodiment of the present invention. This receiver in- 
cludes switch circuits 15, 44A and 44B for switching the 
reception band. In accordance with control executed by 
a system controller, which is not shown in the figure, the 
switch circuits 1 5 to 44B are connected in a state of con- 
nection for receiving a low-band broadcast as shown in 
the figure. When receiving a high-band broadcast, how- 
ever, the switch circuits 15 to 44B are connected in a 
state of connection opposite to the state shown in the 
figure. Circuits enclosed by a dashed line are imple- 
mented as a single-chip IC. 

[001 9] Next, configurations and operations for receiv- 
ing low-band and high-band broadcasts are explained. 

Receplion of low-band broadcasts 

[0020] An antenna 11 receives an ISDB-T broadcast- 
ed wave and the received signal Is supplied to antenna 
tuning circuits 12L and 12H, which each adopt an elec- 
tronic tuning technique. The antenna tuning circuit 1 2L 



fetches a received signal SRX having a desired frequen- 
cy in the low band. The received signal SRX is then sup- 
plied to mixer circuits 31 A and 31 B through signal lines 
by way of an AGC variable-gain amplifier 13L, an Inter- 

s stage tuning circuit 14L adopting the electronic tuning 
technique and the switch circuit 15. 
[0021 J A PLL circuit 41 generates an oscillation signal 
S41 with a frequency varied in the range of 362 MHz to 
434 MHz according to the reception frequency. The os- 

10 dilation signal S41 Is supplied to a frequency dividing 
circuit 42 for multiplying the frequency of the oscillation 
signal S41 by 1/2. To be more specific, the frequency 
dividing circuit 42 outputs a signal with a divided fre- 
quency varied in the range of 181 MHz to 217 MHz ac- 

w cording to the reception frequency. The divided-fre- 
quency signal is further supplied to a frequency dividing 
circuit 43 at the following stage lor similarly multiplying 
the divided frequency of the divided-frequency signal by 
1/2. To be more specific, the frequency dividing circuit 

20 43 outputs divided-frequency signals SLA and SLB, 
which each have a divided frequency varied in the range 
of 90.5 MHz to 108.5 MHz according to the reception 
frequency and have phases shifted from each other by 
90 degrees. The divided-frequency signals SLA and 

25 SLB are then supplied to the mixer circuits 31 A and 31B 
by way of the switch circuits 44A and 44B respectively 
as local-oscillation signals. 

[0022] The mixer circuits 31 A and 31 B mix the re> 
ceived signal SRX with the local-oscillation signals SLA 

30 and SLB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals SIFA and 
SIFB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 3TB 
convert the frequency of the received signal SRX to pro- 

35 duce the tn-phase and quadrature Intermediate-fre- 
quency signals SIFA and SIFB, which are orthogonal to 
each other. It should be noted that the received signal 
SRX has a frequency in the range of 90 MHz to 108 
MHz. At that time, the local-oscillation signals SLA and 

40 SLB are each generated with a divided frequency in the 
range of 90.5 MHz to 108.5 MHz for the frequency of 
the received signal SRX. As a result, the intermediate- 
frequency signals SIFA and SIFB each have a frequen- 
cy of 500 kHz, which is equal to the difference between 

45 the frequency of the received signal SRX and the fre- 
quency of the local-oscillation signals SLA and SLB re- 
spectively. 

[0023] it should be noted that the PLL circuit 41 sup- 
plies a part of a control voltage applied to a variable- 
so capacitance diode employed in a resonance circuit 41 C 
of a VCO not shown in the figure to the tuning circuits 
12L and 14L as a tuning voltage lor implementing tuning 
for the received signal SRX. 

[0024] The intermediate-frequency signals SIFA and 
55 SIFB generated by the mixer circuits 31 A and 31 B are 
supplied to phase shift circuits 33A and 33 B by way of 
low-pass filters 32A and 32B respectively. The phase 
shift circuits 33A and 33B carry out phase processing 
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on the intermediate-frequency signals SIFA and SIFB 
so that an original signal component of the intermediate- 
frequency signal SIFA has the same phase as an origi- 
nal signal component of the Intermediate-frequency sig- 
nal SI FB while an image component of the intermediate- 
frequency signal SI PA has a phase opposite to an image 
component of the intermediate-frequency signal SIR 
Signals completed the phase processing at the phase 
shift circuits 33A and 33B are supplied to an adder 34 
in which the image component of the intermediate-fre- 
quency signal SIFA and the image component of the in- 
termediate-frequency signal SIFB cancel out each oth- 
er. Thus, the adder 34 generates an intermediate-fre- 
quency signal SIF having the original signal component 
but with the image component canceled out. 
[0025] Then, the intermediate-frequency signal S)F is 
supplied to an output terminal 38 through a signal line 
passing through a band-pass filter 35 for intermediate- 
frequency filtering, an AGC variable-gain amplifier 36 
and a low-pass filter 37. 

[0026] The Intermediate-frequency signal SIF sup- 
plied to the output temt'mal 38 is subjected to various 
kinds of demodulation processing corresponding to IS- 
DB-T modulation processing carried out to transmit the 
ISDB-T broadcasted signal. Not shown in the figure, 
pieces of demodulation processing include complex 
Fourier transformation, frequency de-Interleave, time 
de-interleave, selection of digital audio data of a desired 
channel among a plurality of channels, error correction, 
data decompression and D/A conversion. As a result of 
the demodulation processing, an audio signal of a de- 
sired program selected among a plurality of programs 
or a plurality of channels is generated. 
[0027] At that time, the intermediate-frequency signal 
S IF output by the tow-pass filter 37 is supplied to an AGC 
detection circuit 45 for generating an AGC voltage V45. 
The AGC voltage V45 is applied to the variable-gain am- 
plifier 36 as a signal for controlling the gain of the am- 
plifier 36. The AGC voltage V45 is also supplied to the 
variable-gain amplifier 13L by way of an adder 47 as a 
signal for controlling the gain of the amplifier 13L. The 
AGC voltage V45 is used for performing AGC on the 
variable-gain amplifier 36 and the variable-gain amplifi- 
er 13L. 

[0028] In addition, the intermediate-frequency signals 
SIFA and SIFB output by the low-pass filters 32A and 
32B respectively are supplied to an AGC detection cir- 
cuit 46 for generating an AGC voltage V46. The AGC 
voltage V46 is also supplied to the variable-gain ampli- 
fier 1 3L by way of the adder 47 as a signal for controlling 
the gain of the amplifier 13L. The AGC voltage V46 is 
used for reducing the gain of the variable-gain amplifier 
13L in case the levels of noise components included in 
the intermediate-frequency signals SIFA and SIFB ex- 
ceed a prescribed value. 

[0029] The configuration and the operations for re- 
ceiving low-band broadcasts have been explained so 
far. By having the system controller change a frequency 



division rate of a variable-rate frequency dividing circuit 
employed in the PLL circuit 41 , the frequency of the os- 
cillation signal S41 can be varied accordingly, it should 
be noted that the variable-rate frequency dividing circuit 

* Is not shown in the figure. 

£0030] Thus, by changing the oscillation frequency in 
the range of 362 MHz to 434 MHz according to a recep- 
tion frequency as described above, the local-oscillation 
signals SLA and SLB will each have a frequency varied 

10 in the range of 80.5 MHz to 1 08.5 MHz according to the 
reception frequency. Accordingly, It is possible to obtain 
an intermediate-frequency signal SIF with an intermedi- 
ate frequency of 500 kHz, that is, to receive a low-band 
broadcast 

15 

Reception of high-band broadcasts 

[0031] The antenna 11 receives an ISDB-T broad- 
casted wave. The antenna tuning circuit 12H fetches a 

20 received signal SRX having a desired frequency in the 
high band. The received signal SRX is then supplied to 
the mixer circuits 31 A and 31 B through signal lines by 
way of an AGC variable-gain amplifier 13H, an inter- 
stage tuning circuit 14H adopting the electronic tuning 

29 technique and the switch circuit 15. 

[0032] The PLL circuit 41 generates an oscillation sig- 
nal S41 with a frequency varied in the range of 341 MHz 
to 445 MHz according to the reception frequency. The 
oscillation signal S41 is supplied to the frequency divide 

so ing circuit 42 for multiplying the frequency of the oscil- 
lation signal S41 by 1/2. To be more specific, the fre- 
quency dividing circu it 42 outputs divided-frequency sig- 
nals SHA and SHB, which each have a divided frequen- 
cy varied in the range of 170.5 MHz to 222.5 MHz ac- 

35 cording to the reception frequency, and have phases 
shifted from each other by 90 degrees. The divided-fre- 
quency signals SHA and SHB are then supplied to the 
mixer circuits 31 A and 31 B by way of the switch circuits 
44A and 44B respectively as local-oscillation signals. 
[0033] The mixer circuits 31 A and 31 B mix the re- 
ceived signal SRX wfth the local-oscillation signals SHA 
and SHB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals SIFA and 
SIFB, which have phases shifted from each other by go 

45 degrees. That Is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the in-phase and quadrature intermediate-fre- 
quency signals SIFA and SIFB, which are orthogonal to 
each other. It should be noted that the received signal 

so SRX has a frequency in the range of 170 MHz to 222 
MHz. At that time, the local-oscillation signals SHA and 
SHB are each generated with a divided frequency in the 
range of 170.5 MHz to 222.5 MHz for the frequency of 
the received signal SRX. As a result, the intermediate- 
s' frequency signals SIFA and SIFB each have a frequen- 
cy of 500 kHz, which is equal to the difference between 
the frequency of the received signal SRX and the fre- 
quency of the local-oscillation signals SHA and SHB re- 
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spectlvery. 

[0034] It should be noted that the PLL circuit 41 sup- 
plies a part or a control voltage applied to the variable- 
capacitance diode employed in the VCO to the tuning 
circuits 12H and 14H as atuning voltage for implement- 5 
ing tuning for the received signal SRX. 
[0035] The Intermediate-frequency signals SI FA and 
SIFB generated by the mixer circuits 31 A and 31 B are 
processed by the circuits 32A to 37 in the same way as 
the reception of a low-band broadcast. An Intermediate- 
frequency signal SIF resulting from the processing is 
supplied to the output terminal 38. The intermediate-fre- 
quency signal SIF supplied to the output terminal 38 Is 
then subjected to demodulation to produce an audio sig- 
nal of a desired program. 

[0036] At that time, AGC is carried out on the circuits 
45 to 47 in the same way as the reception of a low-band 
broadcast. 

[0037] The configuration and the operations for re- 
ceiving high-band broadcasts have been explained so 
far. By having the system controfler change a frequency 
division rate of a variable-rate frequency dividing circuit 
employed In the PLL circuit 41 , the oscillation frequency 
of the oscillation signal S41 can be varied accordingly. 
Thus, by changing the oscillation frequency in the range 
of 341 MHz to 445 MHz according to a reception fre- 
quency as described above, the local-oscillation signals 
SHA and SHB will each have a frequency varied in the 
range of 170.5 MHz to 222.5 MHz according to the re- 
ception frequency. Accordingly, it is possible to obtain 
an intermediate-frequency signal SIFwith an Intermedi- 
ate frequency of 500 kHz, that fs, to receive a high-band 
broadcast. 

Summary 

[0038] The oscillation frequency of the oscillation sig- 
nal S41 generated by the PLL circuit 41 employed In the 
receiver shown In Fig. 1 has the following values: 

In reception of a low-band broadcast: In the range 
of 362 MHz to 434 MHz 

In reception of a high-band broadcast: In the range 
of 341 MHz to 446 MHz 

It is obvious that the frequency variation range for 
reception of a low-band broadcast Is included in the 
frequency variation range for reception of a high- 
band broadcast. With those variation ranges of the 
oscillation frequency, it Is not necessary to switch 
the frequency band from one to another when the 
PLL circuit 41 generates the oscillation signal S41 . 

[0039] It is thus unnecessary to switch the resonance 
circuit 41 C employed in the PLL circuit 41 from a coil 
and a variable-capacitance diode to others. As a result, 
the number of external components attached to the IC 
can be reduced and, in addition, the decreased number 
of external components contributes to reduction of the 



8 

cost and the size of the receiver. 
[0040] in addition, since It is not necessary to connect 
a switch device for switching the frequency band of the 
oscillation frequency from one to another to the oscilla- 
tion circuit 41 C, the Q value of the oscillation circuit 41 C 
is not lowered. As a result, the oscillation circuit 41 C ex- 
hibits improved characteristics such as stable oscilla- 
tion, fewer phase noises, fewer pulling phenomena and 
a lower current consumption. 

[0041] In addition, since the receiver needs only one 
oscillation circuit, which is prone to effects of surround- 
ings, that is, the receiver needs only one VCO of the 
PLL circuit 41 , a layout Is easy to make in the implemen- 
tation of the IC, and it is hence possible to design an 
oscillation circuit that Is proof against external distur- 
bances. Moreover, since the tracking error characteris- 
tic is uniform independently of the reception band, the 
number of tracking errors can be reduced with ease. 
[0042] Furthermore, since the reception band can be 
switched from one to another with the VCO of the PLL 
circuit 41 kept in a state of oscillation as it is, a broadcast 
can be received fast even after band switching. On the 
top of that, it is possible to implement most of the circuits 
such as those enclosed by a dashed line in Fig. 1 as a 
single-chip IC. 

Switch circuit 15 and its peripheral circuits 

[0043] Figs. 2 and 3 are diagrams showing a typical 
switch circuit 15 and typical mixer circuits 31 A and 31 B 
provided at a stage following the switch circuit 15. ft 
should be noted that portions denoted by reference 
numerals "1 to *5 shown In Fig. 2 are continued to por- 
tions denoted by reference numerals *1 to*5 shown In 
Fig. 3 respectively. 

[0044] The tuning circuit 14L outputs balanced re- 
ceived signals ± SRX, which are supplied to the bases 
of transistors Q1 51 L and Q152L respectively. The emit- 
ters of the transistors Q151 L and Q1 52L are respective- 
ly connected to transistors Q1 53 and Q1 54 each serving 
as a constant-current source to form emitter followers. 
[0045] In the same way, the tuning circuit 1 4H outputs 
balanced received signals 4: SRX which are supplied to 
the bases of transistors Q151 H and Q1 52H respective- 
ly. The emitters of the transistors Q1 51 Hand Q152H are 
respectively connected to the transistors Q163 and 
Q154 each serving as a constant-current source to form 
the emitter followers. 

[0046] In addition, control voltages V15L and V15H 
are generated. The control voltage V15L is supplied to 
the transistors Q151L and Q152L as a base bias volt- 
age. On the other hand, the control voltage V15H is sup- 
plied to the transistors Q151H and Q152H as a base 
bias voltage. The system controller controls the control 
voltages V15Land V15H In accordance with the recep- 
tion band. To put it in detail, the control voltage V15L is 
set at "H" while the control voltage V15H is reset to "L" 
for reception of a low-band broadcast On the other 
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hand, the control voltage V15L is reset at "L" while the 
control voltage VI 5H fe set at "H" for reception of a high- 
band broadcast. 

[0047] The mixer circuit 31 A comprises a double-bal- 
anced multiplier 311 and current mirror circuits 312 to 
31 4 for combining outputs of the multiplier 311 . The mul- 
tiplier 311 Inputs the received signals ± SRX generated 
by the switch circuit 15 and the local-oscillation signal 
SLA or SHA output by the switch circuit 44A. The mixer 
circuit 31 B has the same configuration as the mixer cir- 
cuit 31 A. It should be noted that the frequency dividing 
circuits 42 and thus the switch circuits 44A and 44B out- 
put balanced divided-frequency signals ± SHA and ± 
SHB respectively. By the same token, the frequency di- 
viding circuits 43 and thus the switch circuits 44A and 
44B output balanced divided-frequency signals ± SLA 
and ± SLB respectively. 

[0048] Thus, in reception of a low-band broadcast, the 
control voltage V 1 5L turns on the transistors Q 1 51 L and 
Q 1 52L while the control voltage V1 5H turns off the tran- 
sistors Q1 51 H and Q1 52H. Therefore, the reception sig- 
nals ± SRX output by the tuning circuit 1 4L are supplied 
to the mixer circuits 31Aand31Bby way of the transis- 
tors Q151L and Q152L respectively. 
[0049] At that time, the divided-frequency signals ± 
SLA and ± SLB are supplied to the mixer circuits 31 A 
and 31 B by way of the switch circuits 44A and 44B re- 
spectively as local-oscillation signals. As a result, the 
mixer circuits 31 A and 31 B generate intermediate-fre- 
quency signals SIFA and SIFB respectively for the re- 
ceived low-band broadcast. 

[0050] In reception of a high-band broadcast, on the 
other hand, the control voltage V15L turns off the tran- 
sistors Q151L and Q152L while the control voltage 
V1 5H turns on the transistors Q151H and Q1 52H. Thus, 
the reception signals ± SRX output by the tuning circuit 
14H are supplied to the mixer circuits 31 A and 31 B by 
way of the transistors Q151H and Q152H respectively. 
[0051] At that time, the divided-frequency signals ± 
SHA and ± SHB are supplied to the mixer circuits 31 A 
and 31 B by way of the switch circuits 44A and 44B re- 
spectively as local-oscillation signals. As a result, the 
mixer circuits 31 A and 31 B generate intermediate-fre- 
quency signals SIFA and SIFB respectively for the re- 
ceived high-band broadcast. 

Receiver —Part II 

[0052] Fig. 4 is a diagram showing another typical re- 
ceiver adopting the super-heterodyne system as provid- 
ed by another embodiment of the present invention. In 
this receiver, the functions of the switch circuits 1 5, 44A 
and 44B employed in the receiver shown in Fig. 1 are 
included in mixer circuits. 

[0053] For the above reason, there are provided 2 
pairs of mixer circuits. One of the pair consists of mixer 
circuits 31 LA and 31 LB while the other pair consists of 
mixer circuits 31 HA and 31 HB. The system controller 



controls direct-current bias voltages for the mixer cir- 
cuits 31 LA, 31LB, 31HA and 31 HB In accordance with 
the reception band. To put It in detail; bias voltages for 
transistors composing the mixer circuits 31 LA, 31 LB, 

9 31 HA and 31 HB are controlled so that, when a low-band 
broadcast is received, the mixer circuits 31 LA and 31 LB 
are operating effectively and, when a high-band broad- 
cast is received, on the other hand, the mixer circuits 
31 HA and 31 HB are operating effectively. 

10 [0054] Next, configurations and operations for receiv- 
ing low-band and high-band broadcasts are explained. 

Reception of low-band broadcasts 

15 [0055] An antenna 11 receives an IS DB-T broadcast- 
ed wave. An antenna tuning circuit 12L fetches a re- 
ceived signal SRX having a desired frequency in the low 
band. The received signal SRX is then supplied to the 
mixer circuits 31 LA and 31 LB through signal lines by 
way of an AGC variable-gain amplifier 13L and an inter- 
stage tuning circuit 14L adopting the electronic tuning 
technique. 

[0056] A PLL circuit 41 generates an oscillation signal 
S41 with a frequency varied in the range of 362 MHz to 
434 MHz according to the reception frequency. The os- 
cillation signal S41 is supplied to a frequency dividing 
circuit 42, being converted into a signal with a divided 
frequency varied in the range of 181 MHz to 21 7 MHz 
according to the reception frequency. The divided-fre- 
quency signal is further supplied to a frequency dividing 
circuit 43 at the following stage, being converted into 2 
divided-frequency signals SLA and SLB, which each 
have a divided frequency varied in the range of 90.5 
MHz to 1 08.5 MHz according to the reception frequency 
and have phases shifted from each other by 90 degrees. 
The divided-frequency signals SLA and SLB are then 
supplied to the mixer circuits 31 LA and 31 LB respec- 
tively as locaJ-osciJJatlon signals. 
[0057] The mixer circuits 31 LA and 31 LB mix the re- 
ceived signal SRX with the local-oscillation signals SLA 
and SLB respectively, converting the received signal 
SRX into 2 Intermediate-frequency signals SIFA and 
SIFB, which have phases shifted from each other by 90 
degrees- That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the fn-phase and quadrature intermediate-fre- 
quency signals SIFA and SIFB, which are orthogonal to 
each other. It should be noted that the intermediate-fre- 
quency signals SIFA and SIFB each have an intermedi- 
ate frequency of 500 kHz. 

10058} The intermediate-frequency signals SIFA and 
SIFB are supplied to an adder 34 by way of low-pass 
filters 32A and 32B and phase shift circuits 33A and 33B 
respectively. The adder 34 generates an intermediate- 
frequency signal SIF having the original signal compo- 
nent but with the image component canceled out. 
[0059] Then, the intermediate-frequency signal SIF is 
supplied to an output terminal 38 through signal lines 
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passing through a band-pass lifter 35 tor Intermediate- 
frequency filtering, an AGC variable-gain amplifier 36 
and a low-pass filter 37. The intermediate-frequency 
signal SIF supplied to the output terminal 38 is then sup- 
plied to a demodulation circuit not shown In the figure. 
As a result of demodulation, an audio signal of a desired 
program selected among a plurality of programs is gen- 
erated. 

[0060] At that time, AGC voltages V45 and V46 are 
generated from the Intermediate-frequency signals SIF, 
SI FA and SIFB to be used in AGC in the same way as 
the receiver shown in Fig. 1 . 

[0061] The configuration and the operations for re- 
ceiving low-band broadcasts have been explained so 
far. By having the system controller change a frequency 
division rate of a variable-rate frequency dividing circuit 
employed in Ihe PLL circuit 41 , the frequency of the os- 
cillation signal S41 can be varied accordingly. Thus, by 
changing the oscillation frequency in the range of 362 
MHz to 434 MHz according to a reception frequency as 
described above, the local-oscillation signals SLA and 
SLB will each have a frequency varied in the range of 
90.5 MHz to 108.5 MHz according to the reception fre- 
quency. Accordingly, it is possible to obtain an interme- 
diate-frequency signal SIF with an intermediate fre- 
quency of 500 kHz, that is, to receive a low-band broad- 
cast. 

Reception of high-band broadcasts 

[0062] The antenna 11 receives an ISD&-T broad- 
casted wave. An antenna tuning circuit 12H fetches a 
received signal SRX having a desired frequency In the 
high band. The received signal SRX is then supplied to 
the mixer circuits 31 HA and 31 HB through signal lines 
by way of an AGC variabte-gain amplifier 13H and an 
inter-stage tuning circuit 14H adopting the electronic 
tuning technique. 

[0063] The PLL circuit 41 generates an oscillation sig- 
nal S41 with a frequency varied in the range of 341 MHz 
to 445 MHz according to the reception frequency. The 
oscillation signal S41 is supplied to the frequency divid- 
ing circuit 42, being converted into 2 divided-frequency 
signals SHA and SHB, which each have a divided fre- 
quency varied in the range of 170.5 MHz to 222.5 MHz 
according to the reception frequency and have phases 
shifted from each other by 90 degrees. The divided-fre- 
quency signals SHA and SHB are then supplied to the 
mixer circuits 31 HA and 31 HB respectively as local-os- 
cillation signals. 

[0064] The mixer circuits 31HA and 31HB mix the re- 
ceived signal SRX with the local-oscillation signals SHA 
and SHB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals Si FA and 
S1FB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the in-phase and quadrature intermediate-fre- 



quency signals SIFA and S1FB, which are orthogonal to 
each other. It should be noted that the intermediate-fre- 
quency signals SIFA and SIFB each have an intermedi- 
ate frequency of 500 kHz. 

5 [0065] The Intermediate-frequency signals SIFA and 
SI FB are processed in the circuits 32A to 37 in the same 
way as the reception of a low-band broadcast to produce 
an intermediate-frequency signal SIF supplied to the 
output terminal 38. The intermediate-frequency signal 

10 SIF supplied to the output terminal 38 is then supplied 
to a demodulation circuit provided at the next stage. As 
a result of demodulation, an audio signal of a desired 
program selected among a plurality of programs is gen- 
erated. 

15 [0066] At that time, the circuits 45 to 47 carry out AGC . 
in the same way as the reception of a low-band broad- 
cast. 

[0067] The configuration and the operations for re- 
ceiving high-band broadcasts have been explained so 

20 far. By having the system controller change a frequency 
division rate of a variable-rate frequency dividing circuit 
employed in the PLL circuit 41 , the frequency of the os- 
cillation signal S41 can be varied accordingly. Thus, by 
changing the oscillation frequency of the oscillation sig- 

25 nal S41 In the range of 341 MHz to 445 MHz according 
to a reception frequency as described above, the local* 
oscillation signals SHA and SHB will each have a fre- 
quency varied in the range of 1 70.5 MHz to 222.5 MHz 
according to the reception frequency. Accordingly, it is 

so possible to obtain an intermediate-f requency signal SIF 
with an intermediate frequency of 500 kHz, that is, to 
receive a high-band broadcast * 

Summary 

35 

[0068] Much like the receiver shown In Fig. 1 , the os- 
cillation frequency of the oscillation signal S41 generat- 
ed by the PLL circuit 41 employed in the receiver shown 
in Fig. 4 has the following values: 

40 

In reception of a low-band broadcast: In the range 
of 362 MHz to 434 MHz 

In reception of a high-band broadcast: In the range 
of 341 MHz to 445 MHz 

45 it Is thus unnecessary to switch the resonance cir- 
cuit 41 C employed in the PLL circuit 41 from a coil 
and a variable-capacitance diode to others. As a re- 
sult, the number of external components attached 
to the IC can be reduced and, in addition, the de- 

50 creased number of external components contrib- 
utes to reduction of the cost and the size of the re- 
ceiver. 

[0069] in addition , since it is not necessary to connect 
55 a switch device for switching the frequency band of the 
oscillation frequency from one to another to the oscilla- 
tion circuit 41 C, the Q value of the oscillation circuit 41 C 
is not iowered. As a result, the oscillation circuit 41 C ex- 
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hi bits Improved characteristics. 
[0070] in addition, since the reception band is 
switched from one to another by controlling direct-cur- 
rent bias voltages of the mixer circuits 31LA, 31 LB, 
31 HA and 31 HB, the current consumption can be re- 
duced. To put It in detail, in the case of the receiver 
shown in Fig. 1 , the switch circuits 15, 44A and 44B di- 
rectly switch the high-frequency signals, namely, the re- 
ceived signal SRX and the local-oscillation signals SLA 
to SHBfrom ones to others. Thus, the switch circuits 15, 
44A and 44B consume large currents. In the case of the 
receiver shown In Fig. 4, on the other hand, such high- 
frequency signals are not subjected to switching so that 
the current consumption can be reduced. 

Mixer circuits 31 LA to 31 HB 

[0071] Figs. 5 and 6 are diagrams showing typical 
mixer circuits 31 LA to 31 HB. It should be noted that por- 
tions denoted by reference numerals *1 to *7 shown In 
Fig. 5 are continued to portions denoted by reference 
numerals *1 to *7 shown In Fig. 6 respectively. The mixer 
circuit 31 LA comprises a double-balanced multiplier 
3 1 1 L and current mirror circuits 31 2 to 31 4 for combin ing 
outputs of the multiplier 31 1 L. 

[0072] The tuning circuit 14L outputs balanced re- 
ceived signals ± SRX of a low-band broadcast, which 
are supplied to the multiplier 31 1 L At that time, a control 
voltage V31L is used for controlling the effect of the re- 
ceived signals ± SRX by being supplied to transistors 
employed in the multiplier 311 L as a base bias voltage. 
The frequency dividing circuit 43 outputs balanced di- 
vided-frequency signals ± SLA, which are each supplied 
to the mixer circuit 31 LA as a local-oscillation signal. 
[0073] On the other hand, a double-balanced multipli- 
er 311 H is connected to the current mirror circuits 312 
and 313. The double-balanced multiplier 311 H and the 
current mirror circuits 31 2 to 31 4 compose the mixer cir- 
cuit 31 HA. 

[0074] The tuning circuit 14H outputs balanced re- 
ceived signals ± SRX of a high-band broadcast The re- 
ceived signals ±SRX ere supplied to the multiplier 31 1 H. 
At that time, a control voltage V31H is used for control- 
ling the effect of the received signals ± SRX by being 
supplied to transistors employed in the multiplier 31 1H 
as a base bias voltage. The frequency dividing circuit 
42 outputs balanced divided-frequency signals ± SHA, 
which are each supplied to the mixer circuit 31 HA as a 
local-oscillation signal. 

[0075] The mixer circuits 31 LB and 31 HB have the 
same configurations as the mixer circuits 31 LA and 
31 HA respectively. In the case of the mixer circuit 31 LB, 
the tuning circuit 1 4L outputs balanced received signals 
± SRX of a low-band broadcast. At that time, the control 
voltage V31 L is used for controlling the effect of the re- 
ceived signals ± SRX by being supplied to the mixer cir- 
cuit 31 LB along with the received signals ± SRX. The 
frequency dividing circuit 43 outputs balanced divided- 



frequency signals ± SLB, which are each supplied to the 
mixer circuit 31 LB as a local-oscillation signal. 
[0076] In the case of the mixer circuit 31 HB, on the 
other hand, the tuning circuit 14H outputs balanced re- 

3 ceived signals ± SRX of a high-band broadcast. At that 
time, the control voltage V31 H Is used for controlling the 
effect of the received signals ± SRX by being supplied 
to the mixer circuit 31 HB along with the received signals 
± SRX. The frequency dividing circuit 42 outputs bai- 

10 anced dividedTfrequency signals ±SHB, which are each 
supplied to the mixer circuit 31HB as a local-oscillation 
signal. 

[0077] The system controller controls the control volt- 
ages V31L and V31H in accordance with the reception 

is band. To put it in detail, the control voltage V31 L is set 
at "H" while the control voltage V31 H is reset to "L" for 
reception of a low-band broadcast. On the other hand, 
the control voltage V31 L is reset to °L n while the control 
voltage V31H is set at "H" for reception of a high-band 

20 broadcast. 

[0078] Thus, when a low-band broadcast is being re- 
ceived, the control voltage V31L puts the multipliers 
31 1L employed In the mixer circuits 31 LA and 31 LB in 
an operating state while the control voltage V31H puts 

23 the multipliers 31 1 H employed in the mixer circuits 31 HA 
and 31 HB in a non-operating state: As a result, the mul- 
tipliers 311 L convert the received signals ± SRX of the 
low-band broadcast into intermediate-frequency signals 
± SIFA and ± SIFB by using the local-oscillation signals 

30 ± SLA and ± SLB respectively. The current mirror cir- 
cuits 31 2 to 3 1 4 convert the intermediate-frequency sig- 
nals ± SI FA and ± SIFB into intermediate-frequency sig- 
nals SIFA and SIFB respectively, and output the inter- 
mediate-frequency signals SIFA and SIFB: 

35 [0079] In the same way, when a high-band broadcast 
is being received, the control voltage V31 H puts the mul- 
tipliers 31 1 H employed in the mixer circuits .31 HA and 
31 HB in an operating state while the control voltage 
V31L puts the multipliers 31 1H employed in the mixer 

40 circuits 31 LA and 31 LB in a non-operating state. As a 
result, the multipliers 311 H convert the received signals 
d:SBX of the high-band broadcast into intermediate-fre- 
quency signals ± SIFA and ± SIFB by using the local- 
oscillation signals ± SHA and ± SHB respectively. The 

45 current mirror circuits 31 2 to 3 1 4 convert the intermedi- 
ate-frequency signals ± SIFA and ± SIFB into interme- 
diate-frequency signals SIFA and SIFB respectively, 
and output the intermediate-frequency signals SI FA and 
SIFB. 

so [0080] In this way, the circuits shown in Figs. 5 and 6 
convert the frequency of the received signal SRX of a 
low-band or high-band broadcast to produce the inter- 
mediate-frequency signals SIFA and SIFB respectively. 
In this case, it is not necessary to switch the received 

55 signal SRX as well as the local-oscillation signals from 
SLA to SHA and from SLB to SHB or vice versa In ac- 
cordance with the reception band. As a result, It is pos- 
sible to eliminate consumption of currents that would 
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otherwise be required for the switching operations In the 
conventional receiver. 

Receiver —Part III 

[0081] Fig. 7 Is a diagram showing a typical receiver 
adopting the direct-conversion system for the narrow- 
band ISDB-T standard as provided by alurther embod- 
iment of the present invention. Much like the receiver 
shown in Fig. 1 , this receiver includes switch circuits 15, 
44A and 44B for switching the reception band from one 
to another. In accordance with control executed by a 
system controller, which Is not shown in the figure, the 
switch circuits 1 5 to 44B are connected in a state of con- 
nection for receiving a low-band broadcast as shown in 
the figure. When receiving a high-band broadcast, how- 
ever, the switch circuits 15 to 44B are connected in a 
state of connection opposite to the state shown in the 
figure. Circuits enclosed by a dashed line are imple- 
mented as a single-chip IC. 

[0082] Next, configurations and operations for receiv- 
ing low-band and high-band broadcasts are explained. 

Reception of low-band broadcasts 

[0083] An antenna 11 receives an ISDB-T broadcast- 
ed wave. An antenna tuning circuit 12L fetches a re- 
ceived signal SRX having a desired frequency in the low 
band. The received signal SRX is then supplied to mixer 
circuits 31 A and 31 B through signal lines by way of an 
AGC variable-gain amplifier 13L, an inter-stage tuning 
circuit 14L adopting the electronic tuning technique and 
the switch circuit 15. 

[0084] A PLL circuit 41 generates an oscillation signal 
S41 with a frequency varied in the range of 360 MHz to 
432 MHz according to the reception frequency. The os- 
cillation signal S41 is supplied to a frequency dividing 
circuit 42 for multiplying the frequency of the oscillation 
signal S41 by 1/2. To be more specific, the frequency 
dividing circuit 42 outputs a signal with a divided fre- 
quency varied in the range of 1 80 MHz to 216 MHz ac- 
cording to the reception frequency. The divided-fre- 
quency signal is further supplied to a frequency dividing 
circuit 43 at the following stage for similarly multiplying 
the divided frequency of the divided-frequency signal by 
1/2. To be more specific, the frequency dividing circuit 
43 outputs divided-frequency signals SLA and SLB, 
which each have a divided frequency varied in the range 
of 90 MHz to 108 MHz according to the reception fre- 
quency and have phases shifted from each other by 90 
degrees. The divided-frequency signals SLA and SLB 
are then supplied to the mixer circuits 31 A and 31 B by 
way of the switch circuits 44A and 44B respectively as 
local-oscillation signals. 

[0085] The mixer circuits 31 A and 31 B mix the re- 
ceived signal SRX with the local-osciilatlon signals SLA 
and SLB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals SIFA and 



SIFB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the In-phase and quadrature intermedfate-fre- 

5 quency signals SIFA and SIFB, which are orthogonal to 
each other, it should be noted that the received signal 
SRX has a frequency in the range of 90 MHz to 108 
MHz. At that time, the local-oscillation signals SLA and 
SLB are each generated with a divided frequency in the 

*o range of 90 MHz to 108 MHz for the frequency of the 
received signal SRX. As a result, the intermediate-fre- 
quency signals SIFA and SIFB each have a frequency 
of 0 since the reception frequency is equal to the local- 
oscillation frequency. 

» [0086] it should be noted that the PLL circuit 41 sup- 
plies a part of a control voltage applied to a variable- 
capacitance diode employed in a resonance circuit 41 C 
of a VCO not shown in the figure to the tuning circuits 
12L and 14Las a tuning voltage for implementing tuning 

20 for the received signal SRX. 

[0087] The intermediate-frequency signal SIFA gen- 
erated by the mixer circuit 31 A is supplied to an output 
terminal 38A through signal lines by way of a low-pass 
filter 32A, an AGC variable-gain amplifier 36A and a low- 

6 pass filter 37A. In the same way, the intermediate-fre- 
quency signal SIFB generated by the mixer circuit 31 B 
is supplied to an output terminal 38B through signal line's 
by way of a low-pass filter 32B, an AGC variable-gain 
amplifier 36B and a tow-pass filter 37B. - 

so [0088] The Intermediate-frequency signals SIFA and 
SIFB supplied to the output terminals 38A and 38B re? 
spectively are each subjected to various kinds of de* 
modulation processing corresponding to ISDB-T modu^ 
iation processing carried out to transmit the ISDB-T 

35 broadcasted signal. Pieces or demodulation processing 
include complex Fourier transformation, frequency de- 
interleave, time deinterieave, selection of digital audio 
data of a desired channel among a plurality of channels, 
error correction, data decompression and D/A conver- 

40 sion. As a result of the demodulation processing, an au- 
dio signal of a desired program selected among a plu- 
rality of programs or a plurality of channels is generated. 
It should be noted that the pieces of demodulation 
processing are not shown in the figure. 

45 [0089] At that time, the intermediate-frequency sig- 
nals SIFA and SIFB output by the low-pass filters 37A 
and 37B respectively are supplied to an AGC detection 
circuit 45 for generating an AGC voltage V46. On the 
other hand, the intermediate-frequency signals SIFA 

so and SIFB output by the mixer circuits 31 A and 31 B re- 
spectively are supplied to an AGC detection circuit 46 
for generating an AGC voltage V46. The AGC voltages 
V45 and V46 are used for carrying out AGC in the same 
way as the receiver shown In Fig. 1 . 

55 [0080] The configuration and the operations for re- 
ceiving low-band broadcasts have been explained so 
far. By having the system controller change a frequency 
division rate of a variable-rate frequency dividing circuit 
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employed in the PLL circuit 41 , the oscillation frequency 
can be varied accordingly. Thus, by changing the oscil- 
lation frequency in the range of 360 MHz to 432 MHz 
according to a reception frequency as described above, 
the local-osclllatlon signals SLA and SLB will each have 
a frequency varied in the range of 90 MHz to 108 MHz 
according to the reception frequency. Accordingly, il Is 
possible to obtain Intermediate-frequency signals SiFA 
and SIFB each with an intermediate frequency of 0, that 
is, to receive a tow-band broadcast. 

Reception of high-band broadcasts 

[0091 J The antenna 11 receives an iSDB-T broad- 
casted wave. An antenna tuning circuit 12H fetches a 
received signal SRX having a desired frequency in the 
high band. The received signal SRX is then supplied to 
the mixer circuits 31 A and 31 B through signal lines by 
way of an AGC variable-gain amplifier 13H, an inter- 
stage tuning circuit 14H adopting the electronic tuning 
technique and the switch circuit 15. 
[0092] The PLL circuit 41 generates an osciliation sig- 
nal S41 with a frequency varied in the range of 340 MHz 
to 444 MHz according to the reception frequency. The 
oscillation signal S41 is supplied to the frequency divid- 
ing circuit 42 for multiplying the frequency of the oscil- 
lation signal S41 by 1/2. To be more specific, the fre- 
quency dividing circuit 42 outputs divided-frequency sig- 
nals SHA and SHB, which each have a divided frequen- 
cy varied in the range of 1 70 MHz to 222 MHz according 
to the reception frequency, and have phases shifted 
from each other by 90 degrees. The divided-frequency 
signals SHA and SHB are then supplied to the mixer 
circuits 31 A and 31 B by way of the switch circuits 44A 
and 44B respectively as local-oscillation signals. 
[0093] The mixer circuits 31 A and 31 B mix the re- 
ceived signal SRX with the local-oscillation signals SHA 
and SHB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals SIFA and 
SIFB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the in-phase and quadrature intermediate-fre- 
quency signals SIFA and SI FB, which are orthogonal to 
each other. It should be noted that the received signal 
SRX has a frequency in the range of 170 MHz to 222 
MHz. At that time, the local-oscillation signals SHA and 
SHB are each generated with a divided frequency in the 
range of 1 70 MHz to 222 MHz according to the frequen- 
cy of the received signal SRX. As a result, the interme- 
diate-frequency signals SIFA and SIFB each have a fre- 
quency of 0 since the reception frequency is equal to 
the local osciflation frequency. 

[0094] It should be noted the PLL circuit 41 supplies 
a part of acontroi voltage applied to the variable-capac- 
itance diode employed in the VCO to the tuning circuits 
12H and 14H as a tuning voltage for implementing tun- 
ing for the received signal SRX. 



[0095] The intermediate-frequency signals SIFA and 
SIFB generated by the mixer circuits 31 A and 31 B re- 
spectively are processed by the circuits 32A to 37 in the 
same way as the reception of a tow-band broadcast. In- 

5 termediate-frequency signals SIFA and SIFB resulting 
from the processing are supplied to the output terminals 
38A and 3BB respectively. The Intermediate-frequency 
signals SIFA and SIFB supplied to the output terminals 
38A and 38B are then subjected to demodulation to pro- 

io duce an audio signal of a desired program. 

[0096] At that time, AGC Is carried out on the circuits 
45 to 47 In the same way as the reception of a low-band 
broadcast. 

[0097] The configuration and the operations for re- 
is ceiving high-band broadcasts have been explained so 
far. By having the system controller change a frequency 
division rate of a variable-rate frequency dividing circuit 
employed in the PLL circuit 41 , the oscillation frequency 
of the oscillation signal S41 can be varied accordingly. 
20 Thus, by changing the oscillation frequency in the range 
of 340 MHz to 444 MHz according to a reception fre- 
quency as described above, the local-oscillation signals 
SHA and SHB will each have a frequency varied in the 
range of 1 70 MHz to 222 MHz according to the reception 
25 frequency. Accordingly, it is possible to obtain interme- 
diate-frequency signals SIFA and SIFB with an interme- 
diate frequency of 0, that is, to receive a high-band 
broadcast. 

^0 Summary 

[0098] The oscillation frequency of the oscillation sig- 
nal S41 generated by the PLL circuit 41 employed in the 
receiver shown in Fig. 7 has the following values: 

35 

In reception of a low-band broadcast: In the range 
Of 360 MHz to 432 MHz 

In reception of a high-band broadcast: In the range 
Of 340 MHz to 444 MHz 
40 Thus, this receiver exhibits the same effects as the 
receiver shown in Fig. 1. 

Receiver — Part IV 

45 [0099] Fig. 8 is a diagram showing another typical re- 
ceiver adopting the direct-conversion system as provid- 
ed by a still further embodiment of the present Invention. 
Much like the receiver shown in Fig. 4, in this receiver, 
the functions of the switch circuits 15, 44A and 44B are 

so included in mixer circuits. It should be noted that Fig. 8 
shows neither the antenna tuning circuits 12L and 12H 
nor the oscillation circuit 41 C due to page-size limitation. 
[0100] For the above reason, there are provided 2 
pairs of mixer circuits. One of the pair consists of mixer 

55 circuits 31 LA and 31 LB while the other pair consists of 
mixer circuits 31 HA and 31 HB. The system controller 
controls direct-current bias voltages for the mixer cir- 
cuits 31 LA, 31 LB, 31 HA and 31 HB in accordance with 
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the reception band. To put it in detail, bias voltages for 
transistors composing the mixer circuits 31 LA, 31 LB, 
31 HA and 31 HB are controlled so that, when a low-band 
broadcast is received, the mixer circuits 31 LA and 31 LB 
are operating effectively and, when a high-band broad- 
cast is received, on the other hand, the mixer circuits 
31 HA and31HB are operating effectively. 
[01 01 ] Next, configurations and operations for receiv- 
ing low-band and high-band broadcasts are explained. 

Reception of low-band broadcasts 

[0102] A received signal of an 1SDB-T broadcasted 
wave is supplied to the mixer circuits 31 LA and 31 LB 
through signal lines by way of an antenna tuning circuit, 
an AGC variable-gain amplifier 13L and an inter-stage 
tuning circuit 14L adopting the electronic tuning tech- 
nique. It should be noted that the antenna tuning circuit 
is not shown in the figure. 

[01 03] A PLL circuit 41 generates an oscillation signal 
S41 with a frequency varied in the range of 360 MHz to 
432 MHz according to a reception frequency. The oscil- 
lation signal S41 is supplied to a frequency dividing cir- 
cuit 42, being converted into a signal with a divided fre- 
quency varied in the range of 1 80 MHz to 216 MHz ac- 
cording to the reception frequency. The divided-fre- 
quency signal is further supplied to a frequency dividing 
circuit 43 at the following stage, being converted into 2 
divided-frequency signals SLA and SLB, which each 
have a divided frequency varied in the range of 90 MHz 
to 108 MHz according to the reception frequency and 
have phases shifted from each other by 90 degrees. The 
divided-frequency signals SLA and SLB are then sup- 
plied to the mixer circuits 31 LA and 31 LB respectively 
as local-oscillation signals. 

[0104] The mixer circuits 31 LA and 31 LB mix the re- 
ceived signai SRX with the local-osciilation signals SLA 
and SLB respectively, converting the received signal 
SRX into 2 intermediate-frequency signals SI FA and 
SIFB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the in -phase and quadrature intermediate-fre- 
quency signals SIFA and SIFB, which are orthogonal to 
each other. It should be noted that the intermediate-fre- 
quency signals Si FA and SIFB each have an intermedi- 
ate frequency of 0. 

[0105] The intermediate-frequency signal SIFA gen- 
erated by the mixer circuit 31 A is supplied to an output 
terminal 38A through signal lines by way of a low-pass 
filter 32A, an AGC variable-gain amplifier 36A and a low- 
pass fitter 37A. In the same way, the intermediate-fre- 
quency signal SIFB generated by the mixer, circuit 31 B 
is supplied to an output terminal 38B through signal lines 
by way of a low-pass filter 32B, an AGC variable-gain 
amplifier 36B and a low-pass filter 37B. 
[0106] It should be noted that the intermediate-fre- 
quency signals SIFA and SIFB supplied to the output 



terminals 38A and38B respectively are then subjected 
to modulation. As a result of demodulation, an audio sig- 
nal of a desired program Is generated. 
[0107] In addition, AGC detection circuits 45 and 46 

5 generate AGC voltages V45 and V46 respectively, 
which are used for carrying out AGC of the AGC varia- 
bJe-galn amplifiers 36A, 36B and 13L 
[0108] The configuration and the operations for re- 
ceiving low-band broadcasts have been explained so 

10 far. By having the system controller change a frequency 
division rate of a variable-rate frequency dividing circuit 
employed In the PLL circuit 41 , the frequency of the os- 
cillation elgnal S41 can be varied accordingly. It should 
be noted that the variable-rate frequency dividing circuit 

<5 itself is not shown in the figures. Thus, by changing the 
oscillation frequency in the range of 360 MHz to 432 
MHz according to a reception frequency as described 
above, the local-oscillation signals SLA and SLB will 
each have a frequency varied in the range of 90 MHz to 

20 1 08 MHz according to the reception frequency. Accord- 
ingly, It is possible to obtain intermediate-frequency sig- 
nals SIFA and SIFB each having an intermediate fre- 
quency of 0, that is, to receive a low-band broadcast. 

25 Reception of high-band broadcasts 

[0109] A received signal of an IS0B-T broadcasted 
wave Is supplied to the mixer circuits 31 HA and 31 HB 
through signal lines by way of an antenna tuning circuit) 

30 an AGC variable-gain amplifier 13H and an inter-stage 
tuning circuit 14H adopting the electronic tuning tech- 
nique, tt should be noted that the antenna tuning circuit 
is not shown In the figure. ? 
£0110] The PLL circuit 41 generates an oscillation sig^ 

as nal S41 with a frequency varied in the range of 340 MHz 
to 444 MHz according to a reception frequency. The os- 
cillation signal S41 is supplied to the frequency dividing 
circuit 42, being converted into 2 divided-frequency sig- 
nals SHA and SHB, which each have a divided f requen- 

40 C y varied in the range of 1 70 MHz to 222 MHz according 
to the reception frequency and have phases shifted from 
each other by 90 degrees. The divided-frequency sig- 
nals SHA and SHB are then supplied to the mixer cir- 
cuits 31 HA and 31 HB respectively as local-oscillation 

45 signals. 

[0111] The mixer circuits 3 1 HA and 3 1 HB mix the re- 
ceived signal SRX with the local-oscillation signals SHA 
and SHB respectively, converting the received signai 
SRX into 2 intermediate-frequency signals SIFA and 

so SI FB, which have phases shifted from each other by 90 
degrees. That is to say, the mixer circuits 31 A and 31 B 
convert the frequency of the received signal SRX to pro- 
duce the in-phase and quadrature intermediate-fre- 
quency signals Si FA and SIFB, which are orthogonal to 

55 each other. It should be noted that the Intermediate-fre- 
quency signals SIFA and SIFB each have an intermedi- 
ate frequency of 0. 

[01 1 2] The intermediate-frequency signals SI FA and 
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S I FB are processed in the circuits 32A to 37 in the same 
way as the reception of a low-band broadcast to produce 
intermediate-frequency signals SI FA and SIFB supplied 
to output terminals 38A and 388 respectively. The Inter- 
mediate-frequency signals SIFA and SIFB supplied to 
the oulpul terminals 36A and 38B are then modulated 
to produce an audio signal of a desired program. 
[01 13] At that time, the circuits 45 to 47 carry out AGC 
in the same way as the reception of a low-band broad- 
cast. 

[0114] The configuration and the operations for re- 
ceiving high-band broadcasts have been explained so 
far. By having the system controller change a frequency 
division rate of a variable-rat© frequency dividing circuit 
employed in the PLL circuit 41, the frequency of the os- 
cillation signal S41 can be varied accordingly. Thus, by 
changing the oscillation frequency in the range of 340 
MHz to 444 MHz according to a reception frequency as 
described above, the local-oscillation signals SHA and 
SHB will each have a frequency varied in the range of 
170 MHz to 222 MHz according to the reception fre- 
quency. Accordingly, it is possible to obtain intermedi- 
ate-frequency signals SIFA and SIFB each having an 
Intermediate frequency of 0, that Is, to receive a high- 
band broadcast. 

Summary 

[01 15] The oscillation frequency of the oscillation sig- 
nal S41 generated by the PLL circuit 41 employed in the 
receiver shown in Fig. 8 has the following values: 

In reception of a low-band broadcast: In the range 
of 360 MHz to 432 MHz 

fn reception, of a high-band broadcast: In the range 
of 340 MHz to 444 MHz 

Thus, this receiver exhibits the same effects as the 
receiver shown in Fig. 4. 

[01 1 6] Since the reception band is switched from one 
to another by controlling the direct-current bias voltages 
of the mixer circuits 31 LA, 31LB, 31HA and 31HB, the 
magnitude of the consumed current can be reduced. 

Others 

[01 17] The above description explains the configura- 
tions of narrow-band ISDB-T receivers. By the way, a 
receiver for receiving audio signals of FM and television 
broadcasts has the following reception bands: 

FM broadcasting band: 76 MHz to 90 MHz 
Television broadcasting low band: 90 MHz to 108 
MHz {1 to 3 channels) 

Television broadcasting high band: 170 MHz to 222 
MHz (4 to 12 channels) 

[0118] Thus, the reception band of a receiver for re- 



ceiving audio signals of FM and television broadcasts 
can be divided into the following: 

1: Low band: 76 MHz to 108 MHz 
* Z: High band: 1 70 MHz to 222 MHz 

[0119] In this case, the oscillation signal S41 gener- 
ated by the PLL circuit 41 and the divided-frequency sig- 
nals S42 and S43 used for converting frequencies need 

10 to be controlled as follows. 

[0120] In the case of a receiver with a configuration 
having a super-heterodyne system as shown in Fig. 1 
or 4 to produce a typical intermediate frequency of 500 
kHz, for the low band (1), the frequency range of the 

« oscillation signal S4 1 Is set at 308 MHz to 434 MHz and 
the frequency of the received signal SRX is converted 
by using the divided-frequency signals SLA and SLB. 
For the high band (2), on the other hand, the frequency 
range of the oscillation signal S41 is set at 341 MHz to 

20 445 MHz and the frequency of the received signal SRX 
is converted by using the divided-frequency signals 
SHA and SHB. 

[0121] In the case of a receiver with a configuration 
adopting a direct-conversion system as shown In Fig. 7 

25 or 8, on the contrary, the frequency range is set as fol- 
lows. For the low band (1), the frequency range of the 
oscillation signal S41 is set at 304 MHz to 432 MHz and 
the frequency of the received signal SRX is converted 
by using the divided-frequency signals SLA and SLB. 

30 For the high band (2), on the other hand, the frequency 
range of the oscillation signal S41 is set at 340 MHz to 
444 MHz and the frequency of the received signal SRX 
is converted by using the divided-frequency signals 
SHA and SHB. 

S3 [0122] A circuit for switching the reception band from 
(1 ) to (2) and vice versa for the above receivers may 
have the same configuration as that of the ISDB-T re- 
ceiver shown in Figs. 2 and 3 or Figs. 5 and 6. 
[0123] In addition, in the receivers described above, 

40 the tuning circuit 1 2L can be implemented as a band- 
pass filter having a tow band as a pass band. By the 
same token, the tuning circuit 12H can be implemented 
as a band-pass filter having a high band as a pass band. 
Moreover, the phase shift circuits 33A and 33B can each 

^5 be implemented as a poly-phase filter. 

[0124] In accordance with embodiments of the 
present invention, since it is not necessary to switch a 
PLL resonance circuit from a variable-capacitance di- 
ode and a coil to others corresponding to the reception 

so band, the number of external components attached to 
the IC can be reduced. A decreased external-compo- 
nent count contributes to reduction of the cost and size 
of the receiver. 

[0125] Moreover, since it is not necessary to connect 
55 a switch device for switching the frequency band of the 
oscillation frequency from one to anothertothe PLL os- 
cillation circuit, the Q value of the oscillation circuit is not 
lowered. As a result, the oscillation circuit exhibits im- 
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proved characteristics such as stable oscillation, fewer 
phase noises, fewer pulling phenomena and a lower 
current consumption. 

[0126] In addition, since the receiver needs only one 
oscillation circuit, which Is prone to effects of surround- 
ings, that is, the receiver needs only one VCO of the 
PLL circuit, a layout is easy to make in the Implementa- 
tion of the IC, and it is hence possible to design an os- 
cillation circuit that is proof against external disturbanc- 
es. On the top of that, since the tracking error charac- 
teristic Is uniform Independently of the reception band, 
the number of tracking errors can be reduced with ease. 
[01 27] Furthermore, since the reception band can be 
switched from one to another with the VCO of the PLL 
circuit 41 kept in a state of oscillation as it is, a broadcast 
can be received fast even after band switching. Moreo- 
ver, it is possible to implement most of the circuits such 
as those enclosed by a dashed fine in Fig. 1 as a single- 
chip IC. 

[0128] Although particular embodiments have been 
described herein, it will be appreciated that the invention 
is not limited thereto and that many modifications and 
additions thereto may be made within the scope of the 
invention. For example, various combinations of the fea- 
tures of the following dependent claims can be made 
with the features of the independent claims without de- 
parting from the scope of the present Invention. 

[LIST OF ABBREVIATIONS USED IN THIS 
SPECIFICATION] 

[0129] 



AGC: Automatic Gain Control 
AM: Amplitude Modulation 
DAB: Digital Audio Broadcasting 
FM: Frequency Modulation 
IC: integrated Circuit 

ISDB: Integrated Services Digital Broadcasting 
MPEG: Motion Picture Image Coding Experts 
Group 

OFDM: Orthogonal Frequency Division Multiplex 

PLL: Phase Locked Loop 

VCO: Voltage Controlled Oscillator 

VHF: Very High Frequency 45 



Claims 

1. A reception IC comprising: 

a frequency dividing circuit for dividing the fre- 
quency of an oscillation signal supplied thereto 
and outputting a plurality of divided-frequency 
signals having frequencies different from each 
other; 

a selecting circuit for selecting one of said di- 
vided-frequency signals output by said fre- 



quency dividing circuit as a local-oscillation sig- 
nal; and 

a mixer circuit for being inputted said local-os- 
cillation signal output by said selecting circuit 
5 and a received signal, converting the frequency 

of said received signal and outputting said re- 
ceived signal with said converted frequency as 
an intermediate-frequency signal. 

10 2. The reception IC according to claim 1 wherein: 

said selecting circuit selects one of said divid- 
ed-frequency signals for a selected reception 
band; and 

15 by changing the frequency of said local oscilla- 

tion signal for each selected reception band, 
said frequency of said received signal is 
changed. 

20 3. a reception IC comprising: 



a received-signal-selecting circuit for selecting 
o ne of a plurality of received signals with recep- 
tion bands different from each other; 
a frequency dividing circuit for dividing the fre- 
quency of an oscillation signal supplied thereto 
and outputting a plurality of divided-frequency 
signals having frequencies different from each 
other; 

a divided-frequency-signal-selecting circuit for 
selecting one of said divided-frequency signals 
output by said frequency dividing circuit as a 
iocal-oscillatlon signal; and 1 
a mixer circuit for being inputted said local-os- 
cillation signal output by said divided-frequen- 
cy-signal-selecting circuit and said received 
signal selected by said received-signal-select- 
ing circuit, converting the frequency of said re- 
ceived signal and outputting said received sig- 
nal with said converted frequency as an inter- 
mediate-frequency signal, 
wherein: 

said received-signal-selecting circuit selects 
one of said received signals for a selected re- 
ception band; said divided-frequency-signal- 
selecting circuit selects one of said divided-fre- 
quency signals for said selected reception 
band; and 

by changing the frequency of said iocai oscilla- 
tion signal for each selected reception band, 
said frequency of said received signal is 
changed. 



25 
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50 



55 4. The reception IC according to claim 3 wherein: 

said received-signal-selecting circuit compris- 
es a plurality of amplifiers each provided for a 
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reception band; and 

said received-signal-selecting circuit selects 
one of said received signals for a selected re- 
ception band by activating a control signal for 
effectively operating one of said amplifiers for s 
said selected reception band. 

5. The reception IC according to claim 3 wherein: 

said mixer circuit comprises 2 mixer sub-clr- 10 
cults; and 

said divided-frequency signal supplied to each 
of said mixer sub-circuits comprises 2 signal 
components with phases shifted from each oth- 
er by 90 degrees to generate 2 intermediate- ts 
frequency signals with phases shifted from 
each other by 90 degrees. 

6. The reception IC according to claim 3 wherein: 

20 

said reception bands are a low band and a high 
band of VHF television broadcasting; and 
said divided-frequency signal used as a local 
oscillation signa) in reception of a broadcast of 
said low band has a frequency equal to half a & 
frequency of said divided-frequency signal 
used as a Jocal osciJJation signa) In reception of 
a broadcast of said high band. 

7. The reception JC according to claim 6 wherein a 30 
band of FM broadcasting is included in said low 
band. 

8. A reception IC comprising: 

35 

a frequency dividing circuit for dividing the fre- 
quency of an oscillation signal supplied thereto 
and outputting a plurality of divided-frequency 
signals having frequencies different from each 
other; and 40 
a plurality of mixer circuits each used for being 
inputted one of said divided-frequency signals 
output by said frequency dividing circuits and 
one of received signals having selection bands 
different from each other, converting the fre- 
quency of said received signal and outputting 
said received signal with said converted fre- 
quency as an intermediate-frequency signal, 
wherein: 

so 

a specific one of said mixer circuits corre- 
sponding to a selected reception band is 
put in an operating state and said interme- 
diate-frequency signal generated by said 
specific mixer circuit is output; and 55 
by changing the frequency of said local os- 
cillation signal for said selected reception 
band, said frequency of said received sig- 
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nal is changed. 

9. The reception IC according to claim 8 wherein: 

each of said mixer circuits has a multiplier for 
multiplying said received signal supplied thereto by 
one of said divided-frequency signals supplied 
thereto and is put in an operating state by superim- 
posing a control signal on said received signal sup- 
plied to said multiplier. 

10. The reception IC according to claim 8 wherein: 

every pair of said mixer circuits are assigned to 
each of said received signals; and 
a divided-frequency signal supplied to any of 
said pairs comprises 2 signal components with 
phases shifted from each other by 90 degrees 
respectively supplied to said mixer circuits 
composing said pair to generate 2 intermedi- 
ate-frequency signals with phases shifted from 
each other by 90 degrees. 

11. The reception IC according to claim 8 wherein: 

said reception bands are a low band and a high 
band of VHF television broadcasting; and 
said divided-frequency signal used as a local 
oscillation signal in reception of a broadcast of 
said low band has a frequency equal to half a 
frequency of said divided-frequency signal 
used as a local oscillation signal in reception of 
a broadcast of said high band. 

12. The reception IC according to claim 11 wherein a 
band of FM broadcasting is included in said low 
band. 

13. A receiving apparatus including: 

a reception IC comprising: 

a received-signal-selecting circuit for se- 
lecting one of a plurality of received signals 
with reception bands different from each 
other; 

a frequency dividing circuit for dividing the 
frequency of an oscillation signal supplied 
thereto and outputting a plurality of divided- 
frequency signals having frequencies dif- 
ferent from each other; 
a divided-frequency-signal-selecting cir- 
cuit for selecting one of said divided-fre- 
quency signals output by said frequency di- 
viding circuit as a local-oscillation signal; 
and 

a mixer circuit for being inputted said local- 
oscillation signal output by said divided-fre- 
quency-signal-selecting circuit and said re- 
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ceived signal selected by said received- 
signal-selecting circuit, converting the fre- 
quency of said received signal and output- 
ting said received signal with said convert- 
ed frequency as an intermediate-frequen- 
cy signal, 
wherein: 

said recelved-slgnal-selecting circuit 
selects one of said received signals for 
a selected reception band] said divid- 
ed-frequency-signal-selecting circuit 
selects one of said divided-frequency 
signals for said selected reception 
band; and 

by changing the frequency of said local 
oscillation signal for each selected re- 
ception band, said frequency of said 
received signal Is changed, and 
a circuit for processing said intermedi- 
ate-frequency signal output by said re- 
ception IC and outputting an audio sig- 
nal obtained as a result of processing. 

14. The receiving apparatus according to claim 13 
wherein the frequency of said Intermediate-fre- 
quency signal Is 0. 

15. A receiving apparatus including: 

a reception IC comprising: 



a circuit for processing said intermedi- 
ate-frequency signal output by said re- 
ception IC and outputting an audio sig- 
nal obtained as a result of processing. 

16. The receiving apparatus according to claim 15 
wherein the frequency of said intermediate-fre- 
quency signal isO. 
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a frequency dividing circuit for dividing the 
frequency of an oscillation signal supplied 
thereto and outputting a plurality of divided- ss 
frequency signals having frequencies dif- 
ferent from each othen and 
a plurality of mixer circuits each used for 
being inputted one of said divided-frequen- 
cy signals output by said frequency dfvid- 40 
Ing circuits and one of received signals 
having selection bands different from each 
other, converting the frequency of said re- 
ceived signal and outputting said received 
signal with said converted frequency as an *s 
Intermediate-frequency signal, 
wherein: 

a specific one of said mixer circuits 
corresponding to a selected reception 50 
band is put in an operating state and 
said intermediate-frequency signal 
generated by said specific mixer circuit 
is output; and 

by changing the frequency of said local 55 
oscillation signal for said selected re- 
ception band, said frequency of said 
received signal is changed, and 
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